Attacks of Prinzmetal's variant form of angina pectoris are spontaneous, recur cyclically, and present unequivocal electrocardiographic alterations: they are idealfor a detailed haemodynamic study.
Four patients with this form of angina were investigated. In each of them episodes occurred of electrocardiographic abnormalities either accompanied or unaccompanied by pain. During the same session, the cardiogram, heart rate, arterial pressure, and right atrial pressure were continuously recorded during periods ranging from 5 to 7 hours in each patient. Cardiac output was measured at selected times. Left ventricular ejection time, isovolumic contraction time, mean rate of isovolumic pressure development, and mean systolic ejection rate were also determined.
In the 38 recorded anginal episodes, no circulatory change preceded the cardiographic modifications. From the onset of the electrocardiographic abnormalities to the beginning of their reversion, thefollowing circulatory events were observed: (i) obvious reduction ofcardiac output; (2) arterial hypotension; (3) lengthening of isovolumic contraction time and mean rate of isovolumic pressure development; (5) reduction of mean systolic ejection rate. It is concluded: (i) that no circulatory factor interfering with work or oxygen consumption of the heart is responsible for eliciting these anginal episodes; (2) that conspicuous left ventricular impairment occurs during the increasing and steady period of the electrocardiographic abnormalities.
As the electrocardiogram started reverting to the pre-attack aspect, cardiac performance rapidly improved and, after a 'supernormal' phase, returned in about 2 minutes to basal levels. It is possible that this phase is dependent on a temporary sympathetic compensatory mechanism.
No significant qualitative differences were detected between the circulatory pattern of various anginal episodes. The difference was mainly quantitative and the magnitude of the haemodynamic changes correlated well with the degree of the electrocardiographic abnormalities. Pain, when present, seemed just a concomitant symptom not significantly interfering with the circulatory changes associated with the episodes of this form of angina pectoris. where MAP and MRAP are, respectively, the mean arterial and mean right atrial pressures in millimetres Hg. The electrocardiographic lead recorded was that which showed the most evident changes of T wave and ST tract. Beat-to-beat variations of the heart rate were detected by a Cardio-Tach Preamplifier (Hewlett-Packard 350-3400 A). According to the method indicated by Weissler, Harris, and Schoenfeld (i968), the duration of the left ventricular ejection time and of the isovolumic contraction time was measured from simultaneous recordings of the electrocardiogram, the phonocardiogram and, when the beginning of the upstroke and the trough of the incisura were questionable in the brachial artery tracing, the carotid arterial tracing. All the parameters, except for cardiac output, were continuously recorded on an 8-channel ink recorder (Hewlett-Packard 7868/A). The electrocardiogram was also monitored on an oscilloscope. During slow-speed paper recording the electrocardiographic pattern could be monitored by inspecting the oscilloscope tracing, which was set at a sweep speed of 25 mm./sec. However, the anginal changes were so clear in each patient (see Fig. 2 , 3, 5, and 7) as to make unequivocal the identification of the attacks of angina even at records of i mm./sec. For the measurements of the left ventricular systolic time intervals, records were obtained at a paper speed of i0o mm./sec. A microphone was placed over the praecordium in a position optimal for recording the initial high frequency vibrations of the first and second heart sounds. Two microphones were sometimes necessary to define the initial vibrations of both sounds. The carotid pulse was recorded with a trough of the incisura of the carotid pulse tracing, read to the nearest 5 msec. The mean rate of left and the interval between the first and second ventricular isovolumic pressure development was heart sound (S1 S2), from the beginning of the determined by measuring the height of the first sound to the onset of the aortic component of brachial diastolic pressure and dividing it by the the second sound, were measured directly. The isovolumic contraction time. (Guazzi et al., 1970 
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The observations made in patient G.N. have been summarized in Fig. i , showing right atrial pressure and heart rate, the means of 13 episodes of electrocardiographic abnormality analysed at the selected times described under Methods. The graph of the isovolumic contraction time represents the mean of measurements done on two high-speed records. The values of cardiac index were obtained by a single measurement of cardiac output at the times A, E, Q, R and by the mean of two measurements at the times H and 0.
From the onset of the abnormalities on the electrocardiogram, during the waxing and the steady period (from time E to time M), a progressive reduction in arterial pressure was observed, and this was paralleled, at least in its initial part (no measurement was done during the late phase), by a conspicuous reduction in cardiac output (cardiac index decreased from 2100 to I550 ml./min.). The systemic peripheral resistance rose from 2000 at time E to 2700 dynes sec. cm. 5 group.bmj.com on June 26, 2017 -Published by http://heart.bmj.com/ Downloaded from go Guazzi, Polese, Fiorentini, Magrini, and Bartorelli (2) prolongation of left ventricular isovolumic contraction time; (3) reduction in mean rate of isovolumic pressure development; (4) decrease in mean systolic ejection rate; and (5) lengthening in dye appearance time.
At the beginning of the waning period, arterial pressure progressively increased; it reached, a few seconds after the complete reversion of the electrocardiographic abnormality, diastolic and systolic levels much higher than those present before the onset of the angina. Cardiac output showed a parallel pattern. The systemic peripheral resistance returned to the level before the attack. At the same time as the electrocardiographic reversion, right atrial pressure started to decrease, progressively returning to normal values. The following changes were also detected during this period of electrocardiographic reversion: the isovolumic contraction time and the dye appearance time became shorter, as compared to the pre-attack periods, and the mean group.bmj.com on June 26, 2017 -Published by http://heart.bmj.com/ Downloaded from Haemodynamics in Prinzmetal's angina pectoris 9I systolic ejection rate and mean rate of isovolumic pressure development rose over control values. After this 'supernormal' phase, all the parameters returned to basal levels (time R) within about 2 minutes of the complete disappearance of the electrocardiographic abnormalities. Fig. 2 and 3 reproduce original records from this same patient. In Fig. 2 the paper speed, initially 25 mm./sec., has been switched to lower speeds, and in order to make clearer changes in the electrocardiogram, pressures, and heart sounds, it was switched back to 25 mm./sec. The records of the electrocardiogram, carotid pulse, and heart sounds give an idea of how easily the measurement of the left ventricular systolic time intervals could be done. Fig. 2 and 3 show the electrocardiographic and circulatory differences between episodes accompanied by pain (Fig. 2) and those without pain (Fig. 3) . The former is longer lasting with more conspicuous electrocardiographic abnormalities (the T wave becoming as tall as the R wave) and larger atrial and arterial pressure changes. In the latter, which lasts just i minute and 30 seconds, the T wave is 3 mm. shorter than the R wave and the pressure changes are smaller. group.bmj.com on June 26, 2017 -Published by http://heart.bmj.com/ Downloaded from of patient L.M., presents graphs of arterial pressure and heart rate representing the mean of IS attacks analysed at selected times. The data concerning the isovolumic contraction time and cardiac index were obtained as described for the previous patient. A comparison of this Fig. 4 with Fig. i shows that left ventricular performance and the related haemodynamic changes behave, in the two patients, in a very similar fashion. The only qualitative difference is in the heart rate. During anginal attacks, in fact, pulse rate slightly decreased in G.N. and moderately increased in L.M. The similarities in haemodynamic changes is also shown in Fig. 5, which ST segment elevation progressively reduced and the upright T wave became deeply inverted and returned to its appearance before the attack. In this patient during angina the measured circulatory parameters behaved, as shown in Fig. 6 and 7, in a manner similar to the previous two patients. Graphic representations are shown in Fig. 6 . A single determination of cardiac output was performed at times A, E, H, N, and R.
The circulatory study of the second patient (G.V.) with recent myocardial infarction, is incomplete because of the small number of anginal episodes which occurred during the study. None of these was recorded at high paper speed, and therefore information about left ventricular ejection time, isovolumic contraction time, mean systolic ejection rate, and mean rate of isovolumic pressure development is lacking. However, because arterial pressure, right atrial pressure, cardiac output (measured at times A, I, and P), and dye appearance time each showed the same pattern as in the other patients, it seems likely that no qualitative differences exist between the circulatory pattern of this patient and that of the previous ones.
Discussion
As already mentioned, during the circulatory study anginal episodes showed in each individual patient a frequency very similar to that observed on the previous day, when only the electrocardiogram was recorded. This fact, together with the occurrence of a large number of episodes of electrocardiographic abnormalities not perceived by the patients, makes it unlikely that stress and emotional factors have interfered with the circulatory changes observed.
In no anginal attack did haemodynamic changes precede the electrocardiographic alterations: the former always began at the same time as the latter. It is most unlikely, therefore, that this form of angina is secondary to circulatory modifications which acutely increase work or oxygen consumption of the heart.
As regards the circulatory pattern, between the 38 recorded anginal episodes no major qualitative differences were detected. Differences were mainly quantitative, the magnitude of the haemodynamic changes correlating well S with the degree of abnormality on The constant increase of right atrial pressure seen in our patients is probably related to the acute failure of the heart. The systemic peripheral resistance was higher during anginal attacks than in the control phases, and the fall of blood pressure was therefore due only to a reduction of cardiac output.
Another point deserves some comment. As soon as the electrocardiogram began to revert to its original appearance, some of the measured parameters rapidly improved and overshot their basal levels. Calculated peripheral resistance indicates that the overshoot of blood pressure is entirely attributable to an acute and striking increase in cardiac output. If the improvement in cardiac performance were exclusively due to a restored oxygen supply, one would expect reversion to normal of cardiac performance, without a 'super-become effective only after myocardial oxygen supply has been restored. As regards the sympathetic stimulation, Malliani, Schwartz, and Zanchetti (I969) have recently shown in the cat, by electrophysiological means, that experimental coronary occlusion elicits a cardiac sympathetic reflex.
In the majority of the circulatory studies of spontaneous anginal episodes so far reported, detailed clinical and electrocardiographic information about the form of angina in question has been lacking. The fact that attacks of Prinzmetal's angina are spontaneous does not imply that all spontaneous anginal episodes must show a haemodynamic pattern similar to the ones here described. Therefore, extension of the circulatory information concerning this particular form of angina to all spontaneous attacks can be misleading, though some common aspect between the present data and those previously reported appears evident.
